Germination of Microsporum gypseum macroconidia was accompanied by the release of alkaline protease, calcium ions, and inorganic phosphate into the germination fluid. The rate of germination was greatest during the first 2 hr, decreasing thereafter. This decrease in rate was accompanied by a decrease in protease activity, which was caused by an interaction of the enzyme with the inorganic phosphate released from the spores and accumulated in the germination medium after 2 hr. Germination of high spore densities was regulated by the ratio of released phosphate to protease protein, resulting in a constant percentage of germination at both high and low spore densities. A germination-defective mutant strain failed to germinate normally and released excessively high concentrations of phosphate into the germination medium during the initial 2 hr of incubation. Addition of calcium ions to germination mutant macroconidia stabilized spore morphology, prevented protease inactivation, and allowed normal germ-tube outgrowth. The germination of macroconidia appears to be regulated by the release of phosphate ions, which then inhibit the alkaline protease.
Regulation of mycelial density on complex and defined culture media is one means of conserving nutrients for better survival of the fungal population (18) . Survival would be ensured further by controlling spore germination, thus restricting the number of proliferating areas. Self-inhibition of pycnidiospore germination at unfavorable temperatures was examined by Blakeman (1) , and a similar control has been shown to exist in Microsporum gypseum macroconidial germination (7) . Regulation of germ-tube outgrowth under favorable germination conditions has not been described. Preliminary work by Leighton and Stock (8) showed that M. gypseum germtube outgrowth from macroconidia was initiated by the action of an alkaline protease. The results of this investigation show that the percentage of germination in a population of M. gypseum macroconidia is regulated by release of a specific inhibitor of alkaline protease.
MATERIALS AND METHODS
Organisms. A strain of M. gypseum (Bodin) Guiart and Grigorakis, 1928, originally obtained from F. Blank, Temple University, Philadelphia, Pa., was used in all studies of spore germination and inorganic phosphate inhibition. Studies of the effect of calcium on protease activity were carried out by using mutant strain B17 of the organism, previously described SP,: Pig+ (1, 9) . Sporulation medium, macroconidial preparation, enzyme collection and purification. Spore production and isolation were carried out as described previously (7) . Macroconidial germination was estimated microscopically (7) . Collection and purification of alkaline protease released on germination was carried out as reported previously (8) .
Germination medium and conditions. Macroconidia were germinated in physiological saline at pH 6.5 and 37 C in 125-ml Erlenmeyer flasks containing 10 
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Germination system. To facilitate collection of higher yields of alkaline protease, large numbers of macroconidia were germinated in comparatively small volumes of germination medium. This approach resulted in less protease activity than would result from a lower spore density.
At low spore density (3 x 105 macroconidia per ml of germination medium), the rate of release of protease into the supernatant fluid during germination was linear. Protease was the only protein released into the supernatant fluid during germination and migrated as a single band on disc gel electrophoresis. A molecular weight of approximately 30,000 was calculated from the mobility of the protease on SDSacrylamide gels (Fig. 1) . Protease specific activity did not increase with time, but the total activity was maximal at 2 hr, decreasing thereafter (Fig. 2 ). Approximately 50% of the spores germinated during the first 2 hr, but then the rate declined.
Germination at high spore concentrations (1.5
x 106 to 1.5 x 107 macroconidia per ml of germination medium) resulted in lower percentage of germination at 2 hr, although the total number of spores per ml germinated in both the high-and low-density systems was nearly constant (Fig. 3) . The specific activity of the protease also decreased as the spore density increased from 3 x 105 to 1.5 x 107 macroconidia per ml of germination medium (Fig. 4) . Inhibition of germination protease by inorganic phosphate. The question arose whether inorganic phosphate could be involved in inhibition of protease released on germination. Figure 2 shows that inorganic phosphate was released from the germinating macroconidia. The ratio of released inorganic phosphate to enzymic protein was minimal at 2 hr and doubled at 6 to 11 hr (Table 1 ).
This ratio closely followed the pattern of protease specific activity: the twofold decrease in specific activity after 2 hr was accompanied by a twofold increase in the inorganic phosphate to enzyme protein ratio (Table 2) . spores/mi) spore-density systems at 2 hr, 37 C. Protease specific activity (solid bar) was measured as in than in the low-density systems, and in early inactivation of protease activity (Table 3) . From Fig. 5 , it was calculated that 3.4 x 10-6 M inorganic phosphate per microgram of enzyme protein was required to cause a 50% loss in protease activity in vitro. As shown in Fig. 2 a Calculated by using a molecular weight of 30,000 for the protease.
tion of alkaline protease with 10-2 M calcium ions and then with 10-3 M inorganic phosphate caused a reduction in the inhibitory effect of inorganic phosphate (without calcium ions, 41.4% reduction in enzymatic activity; with calcium ions, 29.4% reduction in enzymatic activity). When inorganic phosphate and calcium ions were added simultaneously, the inhibitory effect of inorganic phosphate was reduced, but not as effectively as in preincubation with calcium ions (32.8% reduction in enzymatic activity; see Table  5 ).
DISCUSSION
The concept of protease-mediated germination in M. gypseum was reported recently (8) . Proteolysis has been related to germination of bacterial spores (14, 17) and fungal spores (5, 15) . With fungal spores, the action of the protease may be on a protein "plug" in the spore coat (15) , or it may be an overall hydrolysis and weakening of spore coat layers (5). M. gypseum macroconidia appear to be of the latter type (unpublished data), with the germ tube emerging from the most weakened area of the coat under the greatest hydrostatic pressure. Because the action of the protease appeared to produce a general, unchecked hydrolysis of spore coat proteins, this conceivably could lead to spheroplast formation. However, as this was not observed, inactivation of the germination protease was believed to occur.
The protease was inactivated after initial germination (2 hr). Inorganic phosphate was released after this period, and protease activity and microscopic morphology after germination of mutant strain B17 macroconidia in a low-density spore system (3 x 10O spores/mi) at 6 hr, 37 C.
to protease enzyme appeared to be stoichiometric; i.e., a twofold increase in the inorganic phosphate to protease protein ratio caused a twofold decrease in specific activity. This decreased activity resulted in a slower rate of macroconidial germination. Unlike the low spore-density system, inorganic phosphate was released in excess of protease protein at early periods of germination in the high spore-density system. Consequently, the higher ratio of inorganic phosphate to enzyme protein at early periods caused a lower percentage of germination. The total number of spores germinated, however, was the same, regardless of the spore density of the system. In this way, the number of germinating areas was restricted, allowing optimal growth of the fungal population. Phosphate is present in spore coats as phospholipids, hexose phosphates, and mannose 1,6 phosphodiesters (3, 12, 16) . The mannose phosphate diesters are believed to be structural components of both yeast cell walls and fungal spore coats (6) . Thus, the action of a protease coupled with that of a phosplhodiesterase would weaken the spore coat for germ-tube outgrowth, causing the inactivation of the pro- b Both 10-2 M calcium ions and 10-' M phosphate were added to the reaction mixture, and the reaction was continued for 60 min at 37 C. tease to occur through released inorganic phosphate.
Although the protease can be completely inhibited by addition of high concentrations of inorganic phosphate to the purified eyzyme, it was evident that the protease was inhibited by only 50% in the low-density germination system. When germination percentage reached 99% at 11 hr, active germination protease still was present in the supematant fluid.
The early release of calcium ions from the spores may act as a protective mechanism, preventing premature inactivation of protease by early release of inorganic phosphate or by presence of phosphates in the environment. Addition of calcium ions in 10-fold excess of phosphate ions without preincubation did not cause significant enzymatic protection, nor did preincubation of the enzyme with calcium ions at a concentration lower than that of added phosphate ions. Enzymatic protection was obtained only when calcium ions were in excess of phosphate ions and were preincubated with the enzyme. This indicated that calcium ion release was a very early function in germination and that phosphate had a greater affinity for combination with the enzyme than with calcium ions. After 2 hr, the released phosphate was in excess of the released calcium ions, and partial protease inactivation ensued. Calcium ions appeared to possess some morphology-stabilizing properties, evidenced by 
